Abstract. Non-orthogonal multiple access (NOMA) has been proposed as a very promising candidate multiple access scheme for the 5 th generation of wireless communication systems. The existing works of NOMA mainly focus on capacity analysis, power control, user pairing and scheduling, or combination with other technologies such as massive multiple-input multiple-output (massive MIMO) antenna system and seldom works have been found to design the hybrid automatic repeat request (HARQ) for NOMA system, which is one of the most important aspects for reliable data transmission in practical wireless communication systems. This paper investigates the sophisticated HARQ scheme design for NOMA system and proposes a novel retransmission scheme to combat the inter-user interference in the retransmission. In the proposed scheme, the superposition signals in retransmission are carefully designed in order to enable self-interference cancellation at the receiver side by exploiting the advanced interference cancellation processing. Simulation results show the proposed scheme is very effective and achieve much better performance than the existing retransmission scheme.
I. Introduction
Non-orthogonal multiple access (NOMA) utilizing power domain and advanced receiver has been proposed as a very promising candidate multiple access scheme for the 5 th generation of wireless communication systems [1] [2] [3] . NOMA improves resource utilization efficiency by exploiting the channel quality differences of users and employing a successive interference cancellation (SIC) receiver for signal detection. NOMA maintains a good backward compatibility when combined with orthogonal frequency-division multiple access (OFDMA). In the downlink of NOMA transmission, the evolved NodeB (eNodeB) broadcasts a superposed signal with different transmission powers allocated to different users. When a user conducts signal detection, the signals of users whose power assignment ratios are higher than that of this user, i.e., a higher signal to interference plus noise ratio (SINR), are detected first and then suppressed through interference cancellation. After interference cancellation, the desired signal is detected with an improved SINR.
Hybrid automatic repeat request (HARQ) is an indispensable part of link adaptation and plays a very important role in reliable data transmission through exploiting time diversity and channel coding gain. Therefore, it is of great interest to study the HARQ design for NOMA system. In [4] , the HARQ design for NOMA with single-user multiple-input multiple-output (SU-MIMO) is investigated and aspects including flexible retransmission strategies, opportunistically HARQ combining and TPA of retransmission considering HARQ combination gain are discussed. Furthermore, it is found that retransmission probability of NOMA is much higher than that of OFDMA and thus HARQ should be carefully designed for NOMA system in order to enlarge NOMA gain compared to OFDMA system. Although HARQ design is a very importance aspect of NOMA system, currently seldom papers have been found to discuss this issue except [4] . This paper investigates the HARQ design for NOMA system and different from [4] , our work puts special interest on the problem of packet error caused by the inter-user interference, which cannot be effectively solved by simple retransmission and HARQ combining as explained in more detail in the later sections. To this end, a novel HARQ scheme is proposed, which consists of superposition signal design at transmitter side and self-interference cancellation processing at receiver side. In order to verify the effectiveness of the proposed scheme, simulations have been conducted to evaluate the block-error rate (BLER) performance and throughput performance of the existing scheme and proposed scheme.
The rest of this paper is organized as follows. Section II introduces system model and the problem to be solved. Section III presents the proposed HARQ scheme in detail. Simulation assumptions, performance evaluation results and analysis are shown in section IV. Section V, the last section, concludes the paper.
II. System Model and the Problem to be Solved.
System Model. We consider a downlink NOMA system, and assume single transmit antennas at eNodeB and single receive antennas at the users for description simplicity. In contrast to OFDMA where only one user can be scheduled on a block of radio resource, in NOMA more than one user can be scheduled to share the same radio resource by exploiting power domain. The interference among users having different transmission powers is handled by SIC processing. Without loss of generality, we assume user 1 (weak user having low SINR) and user 2 (strong user having high SINR) are paired for initial data transmissions as shown in Fig.1(a) . For data detection of user 2, the signal of user 1 is detected first and then cancelled by SIC processing in order to improve the SINR of the desired signal. We assume the signal detection of user 1 is not correct at user 2 and thus large inter-user interference remains. In such a case, the signal detection of user 2 is nearly impossible to be successful due to the large inter-user interference and we have to rely on HARQ to recover the signal of user 2. In the retransmission, in order not to put restriction on NOMA user pairing and scheduling, a different user, i.e. user 3 (weak user having low SINR), is paired with user 2 as shown in Fig.1(b) . Problem to be solved. The existing HARQ scheme cannot effectively deal with the inter-user interference in NOMA retransmission. A detailed example is shown in the following to illustrate the problem. We assume a typical NOMA power assignment ratio as (0.8, 0.2) in initial transmission, i.e. user 1 (weak user) is assigned 80% total transmission power of eNodeB and user 2 (strong user) is assigned 20% total transmission power of eNodeB. We further assume user 1 has a SINR of 0dB and user 2 has a SINR of 20dB, therefore, the post-processing SINR for modulation and coding scheme (MCS) selection of user 2 for NOMA data transmission assuming perfect SIC receiver can be calculated as 
It can be seen that if inter-user inference exists, the SINR for MCS selection and for actually signal detection has a very large gap. If we adopt existing HARQ retransmission to compensate the gap, the spectrum efficiency will be very low. For example, if we assume one HARQ retransmission can compensate about 3dB SINR, 7~8 retransmissions are needed to recover the signal of user 2.
III. Proposed HARQ Scheme.
In order to solve the packet error problem caused by the inter-user interference, enhanced HARQ retransmission schemes need to be designed. In the following, a novel HARQ scheme is proposed by enhanced superposition signal design at transmitter side and self-interference cancellation processing at receiver side.
HARQ feedback. In the proposed scheme, packet errors are divided into two categories and different retransmission strategies are applied. In the first category, the signal of weak user is successfully detected and cancelled, and thus the packet error is mainly caused by fluctuation of channel and inaccurate MCS selection rather than the inter-user interference. For this category, traditional HARQ retransmission can be directly applied to recover the data by retransmission. For the second category, the signal of weak user is not successfully detected and the packet error is mainly caused by the inter-user interference. For this category, the traditional HARQ is not effective as explained in the section II and thus a novel HARQ scheme is proposed in the following.
To apply different retransmission strategies, eNodeB needs to know whether a packet error is caused by inter-user interference or not. To this end, the strong user is proposed to support two kinds of HARQ NACK feedback, i.e. traditional NACK to indicate the packet error is not caused by inter-user interference and traditional HARQ is used for retransmission, and a new NACK to indicate the packet error is caused by inter-user interference and the following proposed new HARQ scheme is applied for data retransmission.
Transmitter processing. If eNodeB receives the new NACK, eNodeB transmits a superposed signal not only including the signals of user 2 and user 3 but also the signal of user 1. The motivation to include the signal of user 1 is that by utilizing the buffered initial transmission signal and the retransmission signal, user 2 can conduct the self-interference cancellation to remove the signal of user 1 and thus can greatly improve the SINR for signal detection of user 2. Fig. 2 shows the initial transmission signal, retransmission signal of existing HARQ scheme and the retransmission signal of the proposed HARQ scheme. In the Fig.2, P1 and P2 denote transmission power of signals of user 1 and user 2 in initial data transmission respectively. P3 and P2' denote transmission power of signals of user 3 and retransmission signal of user 2 in retransmission of existing HARQ scheme. P1' and P2'' denote the transmission power of signals of user 1 and user 2 in retransmission of the proposed HARQ scheme. For the power assignment methods in initial transmission and retransmission, fixed or exhaustive search based methods can be applied. For the proposed HARQ scheme, the signal of user 1 should take a negative sign in the odd retransmission in order to enable an efficient self-interference cancellation. Receiver processing. The receiver processing of user 2 in proposed HARQ scheme is conducted as follows.
Step 1: Conduct self-interference cancellation of S1 by utilizing the initial transmission signal and retransmission signal.
Step 2: Conduct signal detection of S3 regarding signal of S2 as interference from the signal after self-interference cancellation.
Step 3: Conduct SIC to remove the signal of S3 from the signal after self-interference cancellation in order to further improve the detection SINR of S2.
Step 4: Conduct signal detection of S2 from the signal after self-interference cancellation and S3 cancellation. It can be seen that now S2 suffers only from noise but no inter-user interference.
IV. Evaluation Results.
In order to verify the effectiveness of the proposed scheme, simulations have been carried out with the considerations of the Geometry SINR distribution of real deployment Macro scenarios [5] . The SINR of users are independently generated according to the Geometry SINR distribution, therefore, the intercell interference is implicitly considered in the evaluations. In the NOMA initial data transmission, fixed power assignment (0.8, 0.2) is applied. In NOMA data retransmission, exhaustive search based power assignment is applied to determine the transmission power of the retransmission user and the new paired users. In the simulations, we assume real modulation and coding scheme (MCS) in [5] and MCSs for data transmissions of users are selected according to BLER<=10% criteria. Fig.3 shows the BLER performance of the existing HARQ scheme with different retransmission number and the proposed HARQ scheme with only one retransmission. It can be seen that: 1)Although the performance of the existing HARQ scheme increases with the retransmission number due to the time diversity gain, the existing HARQ cannot reduce the BLER to below 10% even with four retransmissions. The main reason is that if the packet error is caused by the inter-user interference, i.e. wrong packet detection of weak user, the HARQ combining cannot effectively correct the error because inter-user interference is too large to be recovered by a few retransmissions.
2)The proposed HARQ scheme achieves much better performance than the existing HARQ scheme. Even with only one retransmission, the proposed HARQ scheme reduces the BLER to far below 10%. Because of the self-interference cancellation, the inter-user interference can be effectively cancelled during the HARQ combining and thus a very good performance is achieved. 4 shows the throughput performance of the retransmission user of the existing HARQ scheme with different retransmission number and the proposed HARQ scheme. It can be seen that the proposed scheme achieves much better throughput performance than the existing HARQ schemes, which illustrates the effectiveness of the proposed self-interference cancellation method to deal with the inter-user interference in NOMA retransmission. 
V. Summary
This paper investigates HARQ design for downlink NOMA for future 5G wireless communication systems. Through designing of the superposed retransmission signal and exploiting the self-interference cancellation in HARQ combining, the inter-user interference can be effectively solved in the NOMA HARQ transmission. Simulation results show that the proposed scheme can reduce the BLER to below 10% by only one retransmission and achieves much better throughput performance of the retransmission user than the existing HARQ scheme.
